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Ooscrlptlon 

~his nvGntion rolatos to novel dovicos and methods tor trQQ7ing drops of liquid r-oagont ;n particular, it relatos to 
devices and methods for freezing liquid rea3en:s useful in the analysis of biological samples, 

Ir prepanng reagents for convenient and efficient testing cf clinical biological samples, it is -requently important 
to ootain dry chemicai blends in ;jr ifo^m, discrete amounts. These reagents must be efficiently and economically pre- 
pared in small precisely measured quantities. Reagents comprising organic materials, however tend to spoJ or degrade 
on storage, thus creating quality cont.'ol problems Thus, reagents are typically provided in dned form to increase 
stability This is preferaoly done by freezing and lyophilizing the aqueous solutions comprsrg tne reagents to forrr 
raagent spheres. 

US-A-4 848 084 relates to a metnoc ' apparatus for the generation of frozen droplets. Liquid is fed under 
pressure through a no22le which provlacs ■ontinuous stream of liquid which breaks apart to form droolets ^he 
cryogenic liquid in thg froQzing tank .s agitatec with an agitator. US-A-4 982 577 discloses an apparatus and method 
for freezing droplets of liquid product. The apparatus uses cryogenic liquid which flows along a ramp or sluiceway to 
t'0Q76 the drcplGts US-A-4 989 416 disclosos Rn olongato 'unnel which is inclined to the non/ontal ana wh;ch can be 
rotated along its longitudinal axis. Rotation of the tunnel carries the particles out of the liquid nitrogen contained therein, 
US-A-4 798 614 relates to a freezing apparatus using a rotary cnamber which rotates aoout a horizontal axis, US-A- 
4 760 712 discloses a rotary chilling plate on which articles to be frozen are placed in brine. US-A-4 920 762 discloses 
a method and apparatus for producing cryogenic targets using a mold assembly US-A-4 870 829 discloses a b olog cal 
freezing apparatus containing a specimen holder which is lowered into a tank comprising a cryogenic liquid US-A-4 
595 226 rslatee to a gas sample collection device y/hich includes a specular carousel having at least one reflective 
surface for holding a sample deposited thereon. 

US-A-4 256 576 relates to a process for tne creation of crystal aggregates in one part ot the tank by heat transfer 
from a fluid disposed In another pan of the tank. Both parts are separated from each other by a flexible membrane. 
US-A-3 282 064 relates to cryogenic or ralrigsrani rGgensration for use in closed cycle systems US-A-2 845 472 
I elates loan apparatus foi cooling a transfoi-ner ana means foi leciiculating the liquid coolant dunng the operation of 
the apparatus. US-A-2 835 477 relates to an apoaratus and method for controlling temperature in a bafh. The temper- 
ature of the liquid &ath is controlled by moans of a temperature control conduit immersed in the bath through which 
the cooling liquid is circulatec. US-A-2 21 19 reiales to an apparatus and methoc for cooling bottled beverages in 
which the cooling liquid is recirculated tnr. =i recirculation loop. 

JP-A-6" 122542 shows a cryogenic apparatus used for freezing samples, comprising a means for dispensing a 
sample and bciow that means, a refrigerant tank tilled with a cryogenic iquid. A disk-shaped circular rolataDic carousel 
is arranged In the cryogenic liquid. The carousGi is p-ovided with multiple holes for receiving flanged metallic holiow 
blocks, which are immersed in the cryogenic Jquid to fill tnerewith and held below the surface of the cnyogenic liquid 
The carousal is rotated by rotating means. 

US-A-4 323 478 Shows an apparatus, ccmprising a vessel and a dispersing means that feeds high amounts of 
drops into the vessel which is filled with cryogenic liquid, wherein the vessel is rotated by means of a motor 

~he invenlion relates to methods and devices lor freezing drops of liquid reagent solutions in a cryogenic liquid 
The apparatus of the present invention compnses means for dispensing uniform, precisely measured drops of a liquia 
reagent and a rotatable carousel positioned below the dispensing means. The upper surface of the carousal has a 
plurality of trays each containing a cryogenic liquid, typically liquia nitrogen, for receiving the drops of liquid reagent. 
Each tray preferaoly compnses a plurality of removable separators to facilitate the removal of the frozen drops, "he 
separators and trays are preferably designed to be used directly in a lyophilizer 

^he apparatus also contains means for rotating the carousel about its vertical axis The apparatus preferably 
compnses means for coordinating the rotation ■ 'I ha carousel with the dispensing of the drops, lypcally a photosensor 

"he dispensing means preferably compi ^ a nozzle tip, through which the liquid is dispensed a cowling arounc 
the nozzle tip and a gas pon for olowing gas u , ig the nozzle tip thereby preventing moisture condensation on the 
nozzle tip 

~he liauid reagent solution prelerdbly comprises a reagent useful for the analysis of a biological sample, such as 
blood To ensure that the resulting lyophi i7Qd reagent spheres are uniform m size, the apparatus of the invontion 
preferably includes means for degassing the liquid reagent solution Defore dispensing. 

It IS the object of the present invention to provide an improved technique (device and methcd) for forming reagent 
spheres allowing to work with better quality results, and to provide the improved reagent sphere thereof. 

This object IS achieved with the features of apparatus claim 1 , method claim ^3ana oroduct claim 19, respectively. 

Features, details, advantages and potentials of the techniques and products of present invention will become more 
appearant in the following description in conection with the drawings, wherein 

F g, 1 IS a perspeaive view of an ambociment of the present Invention, and 
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F g, 2 s a top olan vIqw of the carousel 'roa^ Fig I 

~ho Drosont mvontion providos dovicos and rrothods for producing lyophilizod roagont sphoros usotui in anfjly7ing 
biological samples, such as blooc plasna or serum, n centnfuga anayze's The reagent spheres are prepared 1rorr 
reagents sjitab'C for any of a numoer of analytical absays of biological samples 

~he lyophilized reagent sphurod pr'xJuc^ed by t^s devices and rrethods of the present invention are suitable for 
use ir centrifugal analyzers for optca'ly analyzing biological fluids in oarticular blood plasma or serum Certrfuga' 
rotors used in sucn analy7ers typically C(j i. ise meaiu fc' mixing the blocd witn an appropriate diluent and seoarating 
plasma from ceiljlar material The rotorr o cvide for d str bution ol the diluted plasma into a p'urality of cuvettes 
witnin the rotor so thai diffgrgnl oot cal ar r'ocGCurQS may be porforned w thout having tc .ransfGr aliquots o; the 
fluid from the apparatus. One or mere r: , spherss comprising the reagents necessary for a desirod assay are 
provided ir each cuvette, 

"he rotors anc methods described in fi3 following documents are p'eferabiy used: US-A-5 061 381 , US-A-5 '73 
193, US-A-5 122 284 and US-A-5 18 5'"-4, The entire disclosure o( inese acplicalions are incoraoraled herein by 
rotaronco The abovo ,app'lcationri disc Of o centrifugal rctars 'c ssparnting plasma from wnolD blocd that include a 
plurality of interrial chambers and passages tor combining blood plasma or serum witn one or more reagents ana 
distributing the plasrra or serum to a plurality of individual test wells. The chambers and passages necessary for 
separating the whole blood into plasma are located radially outward from rretering chambers that deliver precisely 
measureo volumes of blood and/or diluent to a separation chamber The separat on chamber includes a radial y-out- 
ward cell trap Spinning of the rotor causes Ihc cellular componorts of the whole blood to oc scqjostcrcd in the ccl 
t'ao The separated plasma is then da ivsied to a plurality of test wells or cuvettes The above separation and aliqtoting 
steps typically occur as a resut of centrifugal force generated by the spirnirg rotor 

"he compositions In combination with -ho rotors csscribGC above are particularly suitab 9 for analyzing blooc 
plasma or diluted blood plasma. They are also useful wrth a wee variety of other biological fluids such as urine sputum, 
serren, saliva, ocular lens 'luid, cereDral f nic, spi'-'il fluic, amniotic fluid, and tissue culture media, as weH as food anc 
industiial chemicals, ana tlie 

The compositions arc particularly suitubic for pen r.ming a wide va'iety o* analytic procedures wh eh are beneficially 
or necessarily performed on blood plasnc _f diluted ^^lasma, Tha analytic procedures will generally requi-e that the 
blood plasma be combined with ore or more reagent"? so that seme opticalty detectable change occurs in the olasma 
which may be related to measurement of a cart cu ar component or character stic of the plasma, Preferably the plasma 
w II undergo a reaction or other change which results in a charge ir color fluorescence, umirescerce or the like, 
which may be mcasurce oy convcntion.il spcclropfiotomotcrs fluoromctcts light detectors, etc In some cases, im 
munoassays and other specific binding assays may oe performed in the test wells Generally, however, such assay 
procedures must oe homogeneous and do not 'equire a separat'on step. In other cases i; wili be possible to accom- 
mcdate hetsrogensous assay systems by providing a means to separate blood p,asma from the test wei s after ar 
immunological reaction step has occurrsd, 

Convertionai blooc assays which may be performed include glucose, aclate dohydrogGnase, serum glutami- 
coxaloacetic tiansamirase iSGOT) serum glutamic-pyiuv c transamnase (SGPT), biood uiea (nitiogen) (BUN), total 
protein, alkalinity, alkaline phosphatase, c-rcactivc protein bilirubin, calcium, ch once, sodium, potassium, magncsium, 
and the like. This list is not exhaustr/e and s intended merelyasbe ng exemolar/of the assays which may be oerformed 
using the apoaratus and method ol the oresent invention. Usually, these tests will require that the blood p asma be 
combined with one or more reagents wh ch resuit in a visually detectable usually ohotometrically delectable, cnange 
in the plasma. Suitable ^eagent solutions ," ''isclosod n US A 5 413 732, 'ATiich is incorporated herein by reference 

"The lyophilized reagent spheres ot tne 3nt inven'ion dissolve quickiy in an aqueous sample solution or diluent 
A sample solution ol the present invention n - a diluled or jndiluted b ological sample The reagent spheres typically 
dissolve in less than aoout 30 seconds, p >.jiy less ttian about 1C seconds The rapidity of dissolution gives the 
impression that the reagent sphere 'exploit i ' and distributes the dissolving chem cals throughout the recorstituling 
volume. Rapid dissolution ot tne sphe'es is 'acilitated by a chemical lattice structure which cuickly corducts water irtc 
the leagen. sphere To form Ihechemcai lattice 'illers are included in the aqueous solution used to produce the spneres. 
As tno roagont spneres are lyophili7ed, those moloculos 'acilitato fo'ma'ion of a network of opar spaces or a chemica 
lattice ir the spheres. The filler components of the reagent spheres are tyoically polymeric compounds, such as bovine 
serum abumin, polyethylene glycol, dextran, Ficoll® (^harmacia L<B Biotecnrology Inc Piscataway. New Jersey), 
or pclyvinylpyrro idone. In addition, emulsifiers such as scdium chelate and the like are usefui as 'illers. Monosaccna- 
rides ard their der valives. such as mannilol or the po ya cohcl myo-inositoi. car also oe used. Depending upon the 
assay, the fillers can be used individually or n comb nation with one or more of the other filler components 

Ir addition to fillers the reagent spneres ol the oresent inventior also comprise one or rrore surfactants at con- 
centrations suf'icient tc inhibit buDble formation when the spneres are -aoidly rohydraied As describod above. buDbIss 
are detrimental to the assays because they nt?r'er9 with oot cal measurements. If the reagent spheres comprise 
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surfactants at the aporopriaieconcenirations r:owover, such oioblsns are avoided Su-table surfactants include non- 
lonic deiergerls such polyoxyelhylene 9 :yu'y, elher. oclo>ynd 9. Synlhrapo®, NP-90 TrycoK® 5941 TryocI® 6735 
and mel.ko Ionic dotorgonts such as GafacOO 560, sodum donocy SL if.tc and Iho liko aro also suitable Typica.ly the 
5 Z' TrS^^Z^ ''T? " ^•"=°^stru:ed reagenl spheres at a conoentrBtion between about O.OSg and about 3 1g 
per lOOml. The surfactant concentralcn usee will depend upon the partcular reagents used in the assay. 

^ he fillers and surfactants u^ed in a r "ai ar -eagent sphgre preparation are preferably selected so as to rr^mimize 
interference with the assay. In addition. ^vide reagent spheres of the correct size ^n a test well, the corriponents 
aretypicailyconcentratedinthereagents IJ^on rehydration with apredetermiredvolumeof sample, the reagents 

and other components are present ,n the .1 con.entrali.^n. For instance, the components of the reagent spheres 
for alkaline phosphate determinations ai .„,cal:y at about 6x concentration and total protein reagents are at aoout 
2.7X concentration. The ^eal concentrat: .n to, th., reagents for particular assay can be easily determined, depenaing 
upon size of the test well sample volume, and the lite, k y 

-he reagent spheres produced by the apparatus of the present invention are prepared from reagents suitable for 
any ot the analytical assays discussed above Typ cally, an aqueous solution comprising Ihe reagents is prepared To 
f t H 'T!? "^^-Position Of tho reagent spheres, the solution must bo homogeneous and all constituents must bo 
ful^ disso ved or in suspension. The devices of the present invention are then used to dispense inaividual drops of the 
^^^T'^T'^T =°^P^'''"9 '^n^ogenic liquid, preferably liquid nitrogen. A cryogenic liquid as used herein refers 
to a liquified gas having a normal boiling point below about -75' C preferably below adout -150' C 

The frozen masses are then removed from the cryogenic liquid and lyophilized to produce the reagent spheres 
The reagent spheres typically comprise less tnan abOLt 6% rcs.dual moisture, preferably less than about 3% .ycphi- 
TnZ't '^'T T ^T°"^ '° procedures known in the a,r,. Typically tne frozen crops are lyophilized for 

26 3 pt .nn T ' ^ '° ^ ^^''^^^ '° P^^'e^^bly aooul 6 hours at about 

25 TH ^""^ • '^"'^"^ '° ''^^ ^^^^^'"9 reagent spheres have unifoTr mass 

The unifomnity o1 the reagent spheres at "ns reed tor an additional 'ableting stsp to obtain uniform size When 

the diops aie uniform and precisely ne. 1,9 i.rpiecision of tne rTiass (coatficient of weight variation) of the 

T^r^H ^T'""^ ^'^^^'^'^ ^'""^ "^'^^^ " ' 2%, and preferably between about 0,3% and about 2 5% 

To further decrease the coefficient of weight van/.licn, the aqueous so-ution is preferably degassed using a vacuum 
pump or vacuum ,ine before the drops oi solution are dispensed 

of v«?lf' ^Tr for coefficient of weight variation known quantities of reagent spheres are weighed. The coefficient 
of variation (CV) is then determined as 'ollcws: 



C V-J/'x X 100 



wherein 



J - standard deviation (for n sph«re) 

X - weight of one sphere 

X = mean (for "n" sphere)^ ZVn 

^nZ^Tr^rtTT^^^'"' ^'^P^"S"^9 moans which provide the precision necessary to produce 

uniTorm arops. A high precision Dnnn IS I t,-, r^,,rr„, .1 ,i--h,h „~ ^ 

rif =, r(^o;„ ■ „ . K- ^.i.i '"6 "H"''-' 'hiuugh ihe dispensing means. The pump should be 

SnloT^fH "''"^^ g-^'^^^^-'on ,r, the pump head Typically, an IVEK rrxxiel AAA pump (N 

S^be of a^i on?° r ^'^"9^ '^^^"^ The pump system shoula 

also bo Of a design to allow control of the pump rate, dispensing volume fluid drawback in the lino and dispensing 

Th« t^^H k''T.. ^T"" ^"""''^^ '''^ ^P^^ "^^^^ P^^P ^°tor opens and closes the pump cavity 
the oumo cv'^^Th H '° "^'"''""^ ^'^P^"^'"9 ^^^^^ "^°ves back during 

diLonToH 1 , ^'^P«"^«^ ^^"^ ^ ranging from 1 to 3 drops per second and usually 

dispensed with a frequency of 1 to 2 droos per second. There ,s no lower limit to dispensing frequency 

For instance, in prepanng reagent spherss for total protein determinations 2,96 mI drops are typcally useo for C- 
So.rwS"sGOr;o ^'^^^^^'r^ cietem-.,nat,ons, 2.67 ,1 are used. Volume's appropriate for laMasL a^ 
as follows, SGOT 4,0 Ml, potassium, 4.0 creainine 4,G al; bilirubin 2 667 ^1: amylase, 2,567 m cholesterot 2.667 
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uric acid 3 478 |.i ; anc glucose, 2,065 ^1. 
^he dispensing means ot Ihe oresenl invenlioi prolernbly coTiDr ses d nozzle lip designed lo p'ovide sjbslanlially 
uniforTi droo si70 A var oty of no77lG t ps can bo usee so long as suticiont unitorn ty of drop si7g is provicod Tho 
roLi\Q tips are typically made of ^rifluoro3.hyle'ie cr scne otner polyner with eqi-ivalert rigidity and su'tace charac- 

5 teristics The size of the orifice n the nozzle ! " wi I depend uoon the composition of the liquid reagent ard the ooerating 
pressure used to purrp the reagent Typica the inside diameter of the orifice in tne nozzle tip is oetween 0.51 and 
1 .02 mm (0 020 and 0.04C ,nchesl, usually i.-tween about 0 686 and 0.889 mm (C 027 and 0,035 inches), and p-e' 
erably between about 0 737 and 0 787 mm (0 D29 and 0 031 inches) The nozzle tio s typically tapered and has a :ip 
wall thickness ranging from 0 127 mm ;0 005 inches! to 0 406 mm [O 016 inohesi depending uoon the properties ot 

'3 thG liquid reagent being dispensed 

~he cispensing means is preteraoly positioned a sufficient distance aoove the cryogenic liquid surface to oermit 
the 'luid drop to form a sphere before ii lands on the surface of ;he cryogenic liquid. Mowever soacing the dispensing 
means too great a distance above the cryogenic liquid permits :he drop to break up into droplets prior to contacting 
Ihe cryogenic liquid. The dispensing means is typically positioned between about 8 cm and 13 cm above the cryogenic 

15 liquid, protorably aoout 10 cm Tho praciso distance used will depend upon tnc particular design ot the apparatus anc 
the design of the dispensing means used. This distance can be oetermined by minimal experimentation once other 
design variables are specified. Alternately, the dispensing means may be or ented such tnat the reagent orops follow 
a t'ajectony which allows them to impact the sunface of the cryogenic liquid with a velocity near zero cm^'sec. This 
typically will 'equire the dispensing means to oe oriented 0°-i80° *o the cryogenic liquid sur'ace 

20 In the present invention the cryogcnc liquid is contained within trays piaccd on a 'otatabic carousel Each tray is 

preferably divided into subsections using removabe sepaiatcrs The carousel 'otates about its vertical axis so that 
each Iray is successively 'Otated under Ih . cisc^t ns ng means The drops a^e seoarated by tne removable separators 
aftsrdispensing. This provices each bead vi r ir. i " amg expcsura time to ihg cryogenic Iquid (dwell time) and ensures 
that the beads will have completely frozen si d s :n < heicw the surface ot the iquid tiefcre dispens.ng the next drop of 

25 reagent into the same area This prevontt tha formation of double beads, i e beads which have stuck together during 
freezing The velocity of the rotating caio jsel is selected such that no movefnent to the ciyogen c hquid is mparted, 
thereby maintaining the smooth surface ,or dispensing. 

Referr ng now to Figures 1 and 2, a cryogenic apparatus 2 constructed in accordance with the orincipies of the 
present invention wnl be described in detail A liquid reagent solution 4 is held in resen/oir 6 where it is ^ept at an 

30 appropriate temperature via recirculating water batn 8 anc ,ac<et " 0. The temperature of the water in the jacket ranges 
f-om room temperature to 4°C depending upon the reagent properties The temperature of the reagent liquid effects 
the viscosity of tnc reagent liquid which in turn effects tnc overall dispensing precision The iiquid reagent is arawn 
through line 12 oy the disoensing pumo 1 c and delivered to the aegassing chamber 1 6 '"he solution is cegassed for 
about 29 minutes using vacuum pump 13. The solution is then crawn through I nc 20 to tne dispensing means 22 

35 ^he dispensing means 22 comprises nozzle lip 2C surrounced by cowling 26. A dry n trogsn dispensing tip 29 

supplies ory nrtrogen from dry nit'ogen tuhing 30 and creates a microenvironment around the nozz e tip which prevents 
moisture from condensing and the tip f'cm frgszing Tha dry nitrogen gas also creates a pos tive pressure which pra'- 
eientially ledirectsany cryogenic liquid vapci away froin the nozzle tip ar^d towards an exhaust poit 32 The diy -lirioger^ 
IS typically supplied at a pressure of belwr - 703 and '055 hPa ;10 and 15 pounds per square ;nch-psi) 

•♦f Liquid reagent 4 dispenseo from the -niing means 22 is received by the cr/ogenic liquid 34 contained in a 

carouse! 36 positioned below the dispens;^ eun 22. The carousel 06 is rotatably mounted in the insulated tank 36 
and is rotated about carousel spindle 40 pc o"ec at the vertical axis of rotation of the carousel 36 The soinole 40 
IS connected to a motor 42 which onves the ic tation of the carousel The carouse: is usually rotated at between about 
4 and 10 rpm The preferred range is betwer^n altwut 4 and 6 rpm 

~he carousal spindlo 40 comorises a photos ansor trigger 44 which is delGctod oy pholosBnsor 46 to allow coor- 
dination Of the rotation of the spindle with the rate of dispensing of drops of liquid reagent by the dispensing means 
22 Specifically, the trigger 44 has a numoer of pegs (not snown) oroject ng radially from ts outer ecge which act as 
optical tr ggsrs for thg photosensor 46 This photosensor 46 is a stanoard photosensor well known to those skilled In 
the art I ypica ly includes a reflective pholo-emiller detector module which furnishes a light source and a phololran- 
sistc to determine it light has boon rotloctod of ot a predetDrminoc surface A conditioning circuit is used to bias the 
electro-optica: module to control length of time for tne dispense pump A drive' is used to control a relay which isolates 
the control circuit f'om the dispensing mechanism. 

Cryogenic liquid (typically liquid nitrogen) is supplied through supply line 48 and is dispensed through cryogenic 
leu id dispensing means 50 This disoensinq means includes a protective cowling 52. The insu aledtank 38 is support ec 

■=s by tank support frame 54 and the motor 42 if; positioried on the motor support shelf 56 

The carousel ot the present invention ij- ^een ric'.e clearly ir^ Figure 2 The carousel is shown here as a circular 
disc. It will be undGrslooG, howGver, that oth. iiDes (eg. rQClangular) may also be used Thg carousel 36 comprises 
four dispensing trays 59, which each compt. 5b 50 to facilitate removal of the t'-ays 58 from tne carousel 36 Each 
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62 rr^?h'",''""?«' ?K S4 to faciltetG removal of iho separators 

Claims 

means (22) for dispensing uniform, precisely measured drops of a liquid reagent IA\ 

- a rotatable carousel (06) having a vertical axis of rotation' 

■ r:trs~r„r;.s " -"-^ ■» 

- means (40, 42, 44, 46j for ,'otat,no the carousel (36) about the vertical axis, 

;;s~)'"' " °' -^^^-'^ "^^^ - ^--^ ^ 

Apparatus according to ciainn 1, wnerein aach tray (56) comprises a plurality of removable separators (62). 
Apparatus according to ciain. 1 or 2, wherein the cryogenic liquid (34) is liquid nitrogen. 
- ana'::: Of '° ^""^ ' '° "^^^^'^ "^^'^ corr^prises a reagent useful for the 

£. ^^P-----=^'ngtoonoofc,air.st.o4,furthcrcompris,ngmoans(16,18;fordcgassingthcl,qu^^ 

Apparatus accoroing to one of claims 1 to 5, wherein (he carousel (36) is disoosed wi.hm .n inc„i.,=. .... 
Apparatus according to one o1 claims 1 to 6 ^,^erein the means f22) for dispensing comoriss'- a n"7lP rir - 

8. Apparatus according to ciaim 7. where he gas is nitrogen. 

11. Apparatus according to claim 10 whorQir thg r^sans f44 45^ io' ^oc-^-a-r- - on r 

comprises a photo sensor (46). . . -o. .oc,.„,a.,ny .uuduon of tng carousel (36) 

12. Apparatus accoroing to one of claims 1 to 1 1 , wherein the trays (58) are designed to be used in a ^ophil,zer 

13. fWelhod for forming reagent spheres comonsing the steps of 

- disposing at least one tray (58) on the upper surface of a carousel (36) rotatable around a vertical rotation axis 

- separating the frozen drops from the cryogenic liquio: ana 
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lyophllizing the frozen drops, l^er^bv 'orm-g the rQagent spheres 



characten70d in 



t'h'al ITer eal"h'dl?n°''"". '""^ '° P^-^Se ol a drop and 

,5. acco,a„9 ,0 ca™ , 3 o, ,4. «,er„„ „q„„ ,ea9»« „; ec„.pns,s a r.agen, us.,u, ,or me anays.s o, 

«.=.hod ,„o,a„9 ,0 Of eB,ms ,3 » ,5. whora.n mo ,^„,<, ,o,3„, ,4) „ t«o,. a,.po„s,.9 

17. M.rhod according to o„= ol cl«,m» 1 3 to 13. »t,e,e,n ttte cvogsnic l,<,„,d (34) i, !l,„d ™i,og=n. 

" r„:srrzroT4°'r:a' ' '^c' :3^r°"" '^-^ " • «^ 

19. A reageni sphere produced accordin uie method of one of claims 13 to 15. 
'5 PatantansprOchfl 

: :::: s« rr,*"^^^^^^^^^ ~" ^-'^ 

^ - Mittel (40, 42, 44, 46) fur das Verdrehen des Karussells (36, urn nig Vertikalachse, 

^ 2. Vornch.ung nach Anspruch 1 , be, der Trog (58) aine Mehrzahl von entnohmbaren Separatoren (62) um,a3t. 
3. Vornchtung nach Anspruch 1 oder 2. be, car die ^ryo^ene Flusaigkeit (34) flOssiger Stickstoff ,st. 

RraTeTsXS. "^'^^''^^^ ^ ^'^ "-^ans (4) .In f Cr dia Blutanalyse gee.r.etes 

R^ageTs ('r^' "^''^ ^''^''^'^ ' '^'^ " '^^"^^ ^"'^-"^ d 6 18) fOr d. Entgasung des flOss,gar, 
a^^ordnet T ""^^^'^'^ ^ ^'^ ^ '^^^ (36) .nerhalb eines isolier.en Tar.ks (38) 

8. Vornchtung nach Anspruch 7 bgi der das u_ s SlicKstoff isl 
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9. Vorricmung nach aingn :;or Anscri Lis ~' of i dei I'ii D-entinch ;35) -m einer Drehzahl jnlauti die so 
husgewah l isl, cla3 Jie kryogene Fl (:3' jiib glalle Ooerllache aufweisl 

10. Vorrichtung nach einerr der Anspru:: s 1 bij 9 lerner um'asierd Mitlel (44 46) fOr das Koordinieren der Drehung 
5 des Drehlisches (36) mil ae-r Ai^str;ig vor 'I'roolcn dis flussigen Reagens (4), 

11. Vorrichtung nach Anspruch 10, be ciercio Mittel (44, 46) fur das Koordinieren der Crehung aes Drehtisches (36) 
einen Fotosensor ;45) umfassen 

10 12. Vorrichtung nach einem dsr AnsprQche 1 b s 11 , be der die Troge (58) (ur die Verwerdung inenerr Gefrisr;rockner 
konstruien sind. 

13. Verfahren tCirdie Bildur^g von Reago' SKugeIn u-rfassend die Schriits: 

15 . Ano'dncn mindestens oiras " O'jl h ;58)a jf cJi;r Oborscito oiros Drartiscnc? (3B), corun oino vQhiKfllo Droh- 

achse verdrenbar isi, 

Austragen eines gieichlornngen . '.^e cenesssnen "ropfens einss flussigen Reagens (4) in den Trog (58), 
dsr mindestens eine Einheit vor ^ener Fluosickeit (34) enthait, wodu^ch der T^oofon gefroren wird, 
Trennen des gefrorenen Tropfen ■ ) i de: -^ryogensT F lus.sigket und 
^3 - Gcfncrlrockncn dcs gat'orcncn ; 3n3 'voJurr^ ^c-agcnskuycln gcbildct wordcn, 

dadurch gekennzfichnet, daii 311; E 1 n.?iieii von kryogener Flussigkeit 134) voneinander get^enr^l sind, um 
die Passage eines Tropfens zu verrr,ei<je^ und dalSnaci' eda-n Austragschrit; cer Drehtisch (35) einenn Drenschritl 
unterworfen wird, um zu vemnoicen da'^ 9in zwartor Tropfsn in dieselDe Einhert von kryogener F usslgkei: (34) 
25 gingssetzt wird, Cia den ^orhergBhcnCGn T'op'er amptangg-i hat 

14. Verfahren nach Arspruch 13, bei dem die gotrorcncn Tropfen in dcr^ Trog ;53) wahrcna aes Abtrenrschrit;s vcr- 
bleioen und das Gefriertrocknen der gef'oreren Tropfen n cem ^rog (58) ausgefuhrt wird. 

^0 15. Verfahren rach einen der Ansprucf'e 1 3 oder 14 bei dem aas flussige Reagens (4) em fCir d.e Biutanalyse ge 
eignetes Reagens umfaBt. 

16. Verfahren nach emem der AnsprOche 1 S die 15 be: Lem caf. fluesige Reageno (4) vor dem Austrag entgast wird 

35 17. VGrtahran nach einGm dor Ansprucnc t\i !6, ti;i Uain d o kryogorg F uss,gi<Git (34) riOssigcr Sticksioft ist 

18. Verfahren nach sinem dar .Arspnjche 1 _ j.;, " 7 cei darr der Crenschritt durcn am Tnggermittol (44, 46) erzeugt 
wird das mit einBrn f^lotor fOi den Aji nbt d-;6 DiBhtiscns (36) genopaelt ist 

-'f 19. Eine Reagens^ugei. hergeste:lt gen-f 3 doni Verfehren nach einem der AnsprCiche "3 biS 13 



Rovendlcatlona 

■IS 1. Aopare I cryogeniqua ulilisant ung quantilQ d'un iquide cryogeniquG pour corggler un reactif liquide sous fcrme 
de spheres ledrt appareil comprenani 

d9s moygns (22) pour dislnbuer ogs go'jttes uv. foimos, mssi-rSss de fagon preciSG. d un reactif liquida (4); 
un carrousel (36) 'olalif <=yaril un dxe d<? rolaUon ve'lical 
so - une piuralitd de plateaux (58), disposi? sur i.nc surl.-^co supdnouro du carrousel (36), otant positionnds pour 

recevoir des gouttes ae r^actil piovana 1 aej moysns ce distributior^ (22): 

des mcyens (40, 42. 44, 46) pour e ■ n jr ?n ro'atior ie car^o.sel ;36) autour de I'&xe ve'tical. caractense 
en ce que chaque plateau (SB) est s: ;3 pojr rec?ivoir seule'-iert a quantity de llquide cryogSnique (34) 
dastin^e k congeler une unique go. ;.c . J raact'f liquids (4V 

5S 

2. Appareil selon la revendication 1, dar- .jQuei chaque piateau (58) comprend une plurality de sdparateurs (62) 
amovibiGS 
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3. Appareil seion la revsndlcaiiori i ou ? oans lequel Is liquide cryogdnique (34} esx "azote liquids. 

4. Aoparoit salon I'uno dos rovonoications 1 » 3. dans loquol lo rfiactrt liqLido (4) comprend un rfiactit utile pour 
I'analyse du sang. 

5. Appareil selon I'une des revendications 1 d 4. compranant en out-e des moyens ('6, 18) pour d^gazer le r6actit 
liquide (4). 

6. Aopareil seion I'une des revenaicat ons 1 a 5 dans lequel le carrousel ;36) est dispose a I'lntSrieur d'un rdsen/oir 
isole (38) 

7. Aopareil selon I'une des revendications 1 a 6, dans lequel les moyens de distribution |22) comprernent une ex- 
trdnlte de buse (2^). d travers lacuelle e liqulde est distnbu^. un taoller (26) autour de I'GxirSmltd de bus© (24) 
el un orifice a gaz (28) pour soufder du gaz le long de I'exlremile oe buse (24) a(in d'eviler une condensation 
d'humidlte sur I'ax1r6mite de bJSQ (2^ ) 

8. Aopareil aeion la revendication 7. dara i - el le gaz est I'azote 

9. Aopareil selon I'une des revendicetior-,s 1 a 5, dans lequel le carrouse i'36) tcurne S une Vitesse seleciionnee pour 
que c I qu dc cyogcniquo ;34] a t un'j yui1,^co iissc 

10. Aopare I selon I'une des revendications i a 9, comoreranlen oulredes moyens (44, 46) pourcoordonner la rotation 
du carrousel (36) avac :a distribution ces goutlGS d9 raactif iquids (4) 

11. Appareil seion la revendication 10, cans lequel las moyens (44 46; sou' coordorner la rotation cu carrousel (36) 
coinprennent un pnotoddtecteui 146) 

12. Aopareil selon I'une des revendications 1 a 1 1 dans iequel les pateaux (53) sont confus pour stre utilises dans 
un lyopniliseur 

13. Proc^d6 pour 'ormer des spheres da reaclit con pranant des etapes de 

disposer au moins un plateau (58) tui ; t surface superiaure d'un carrousel (36) pouvant tourner autour d'un 
axe de rotation vertical; 

disiribuer une goutta unilorrre, most r4e jo tag-cn precise, d'un r6actl' liquide (4) dans le plateau (58) contenani 

au moins une entltd de liquide cryog<^niqje (34). la goune i^tart ainsi oongelSe: 

separar les gcuttes congeldss Oi nqii dg cryogeniqus; et 

lyophiliser les gouttes congel^e- formfint ams. es spn^ies de r6actrf 

ca'act6rise en ce que les entrt6s de liquide cryog6niqje (34) sont separ6es los unes des autres pour eviter le 
passage d'une goutte: 

et en ce qu'apres chaque etape de distribution, ie carrousel (36) est soumis a une 6tape de rotation pour Sviter 
qu'une deuxi^me goutte soit distribuee dans la mSme entity de liquide cryopenique (34) qui a recu la goutte 
precedentg. 

14. Proc6d6 selon la revendlcaticn 13, dans Icquol les gojttes congeifies restent dans le olaieau (58) au cojrs de 
I eiapa de separation et dans lequel la lyophi isat on des gcuttes congeises esl Qflecluee dans le plateau (58) 

15. Proc6d6 selon la rovondication 13 ou ^^ns loqLoi lo rSacrit iiquido (4) comprsnd un rbactif utile pour l analyso 
du sang. 

16. Proc6d6 selon I'une des revendications 1 3 1: 1 3, dans lequel la react f liquide (4) est dPgaze avart distribution. 

17. Proc6d6 selon I'une des revendications 13 ft 16 dans lequel le liquide cryog6nique est I'azote liquide 

18. ProcGde selon 'une des revendications 13 a 17 dans lequsi I'etape de rotation est angendree par un moyen de 
d6clenchement (34 46) rel ^ un nnotei r pour entralner le carrousel i36) 
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19. Sph6re da rSactif produiiQ salon le proc6d6 t9i que d6f ni par Tune ces revendicatlons 13 5 18 

5 

r3 

IS 

23 
2S 
30 
35 
40 
45 
SO 
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